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Y2 l i> ! Mfffifc£Zti&* znZdlzLT. ^,2<r>\y-j 
x Y ©ft t ffi GUB T'/h $ ftffi W £ iTf h T® v x ? i 

[0053] fiftt, 1 #gJ83fcW=3 LTSfliJ 
B££ I fcft. S* 5 N 2 Sr IR $ f+ttT*# *• ?Wf U: 
ft. ? U-y^-7>lc i-^t 5 0JTC3 0»»L 

[ 0 0 5 4 ] £ 03 J: 9 fc, mi <T)V-JX f- 2 0 
SifctAiJ. «ffl8«»9a,Rin^.*hasSi:3rS 

afc^rSfflt^tffllWB-C&o-C. ^i£«ffiJSMgB9aJ; 

[0 0 5 5] r-TT', 08fc:ijrf TJIv;^^ 
* - y XU , s v MM r*^- 8 fc * h 1MW \y =Jx h 14 

msztix^l, —U^ im^x-rw-yx'^ sv 

-?T, ±M-?x9^9~yi<z&\->X. SVMMR^8 
[ o o 5 6 ] _B£ bfc J; 3 fc. #K«»fc: 

W"tl)ISl<7)l'> ; '.Xh2 0i;m2<7)lx^Xh2 

<7)X\ ~YWr?X9rt-9—yt±Mvx9rt9—yt<D®. 

<T>TM\±, %2<T i V i JX N 2 1 IznLXtnMtTMifk 

[0 0 5 7] E9&tfHl Ot^-tiet. ±3* 

<?>&0izVXBj$.%titz~?Xi7->-i?->ZvZ7 tLT 

^yj-yyzmy ^m^xt^-yfr^mtnix^ 

6SVJB8 a Hi Oil, 

[00 58] Zff>b£. fiiRWfcSVlJMRaHFSfcSr 
SSH^iOS VJS8 afcffittUTU^hjmffUTVX 

do dcoi^t. ]^xhofflJffi(cfftt#l£sv]i^ 

~>XSVmMRm=?-8l,ZJVJZ%$LmtXl&0. SV 
SMR^8tA''J^|gi-r& t , MR\ 7 

[0059] #Jii&Dff2»MS vx?w-y<mfSL 
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1 2 

4H=»# Lit l^'X b fct. S V§? 8 afctt LT _hLT 

*ut s v«*qif«rf s u vx v mmFt&muz 

VH*\ S VSM Ri§^8 fc & S aHi^3U:fc3#U; 
l^^'Xh(Cff#tLTt, icOU-^hii, SV$|8a 

10 [0060] S^C, zwxfw-yxii. ±M^ 
xtw—yw-Jx hW&frgffitiK TWr?x?/^~ 
y(?)i<i;xhmmftxt)i>±£<%ztixut, -t% 

h*>. -rxfJtp-ycoffil&gtiz&^X. %2(r>V'^x 
b2 lf±» ®101/> ; Xb2 0 t J:Oi>^^ttiLTV^. 

mmiX\^\ ftiT, Xvf-y^tJ:>5l»*3*T.it 

5 VfS**, i<7)^ ft! LitSS2 «5VyX h 2 1 fcSfl* 
LTt, icOflJ^tt, SV|H8afc»iftL-CV^V^ 
ft, SV^MRfg^8*^l^i/Xh5:ii|firr^^WSiJ 

20 ^toraSfi^Vi. £t±k ^cO5g2t0U-y'Xb2 1 C03§ 

6 ffi L*U . * 1 <0 b 2 0 «1C J: 0 «W 

[006 1 ] ttz. ^vi-yyZftdmiz-'t *>h~~& 
(DMffii. *R5fc»L."C*itii~2 0* itS-It 

2 0° ^|6u6^AftfS-fr*ClfC. x^f-y^tiO 
[0062] H 1 1 iz^tX -5 tc, h £ 

Wat mi^mwzmc^ tit. wjxy *m£t 

&«cr)U'Jxbl,ztt&l.tzMMmmm8llX 

mmmizx wjx \ tM»ts . 

[006 3] ^^iats ^xvnf-vkiwmyi 

U. SVSMR^8i;^^gK^K±t»fS;$tL|>U 

t>. V^h5ri"]ffi-r.5^SVMMR3|^80A-y^ 

40 [00 64] *LT, SVSMRS^8Sl>'f*ffi«fi9 
±tH^t*v^*6Rl 1 1 2r«SL. IfiSS 1 1 ObuS 

iite«wwtffiio£»«i-s. S4>(3, iofrawfii 

8^fiia*i6j<?D-ssffi3&»A«AB sffitsajffi ±x~mm 
iw>\ mmi^^Ymzma^-zbx\ mmm^^ 

[0 0 6 5] i^T'. Hl2t(±. SVMMR^f8t 

50 Q&ssm 9 1 m^vm i o t tirm?^ i x 



(8 

1 3 

^6. HI 2tt3V>T(i. MR'v-y K$B3<9iffcji 

«1 14\ -f7M«^7KSP4{i«B&LT 

MR*? 80)MMimff>-^i$&tfAB SHtUffi-fS t 

ttt. ««*io*^$*u a ft, svsmrs 
[0066] <m2cr>mmmm> wf. -^wn^m 

[0 0 6 7] 11 3^01 4(i. *^HJ^MLTg 10 

;:t. HI 3fcL SfflS85l'VyK3O0ES£ft 
§ffiL-C^U^S12-C* , 5. H14(±, 1313C0XS 
-Xio«{c*5ft*BrliIH-C*4. itfHWBaSl's.y K3 

out. mss3nm#3 lfr^mm^zwk-t&MR^ 

Urf & 4 V9 9 f - -f 7*ffiK^ ■'/ HbP3 3t £3ff s . 

[0068] MR^-yFgfl32li, ^«34fc, £$3 
4±£J&j£3totm«ttliUR3 5i:. »l«lft»JS3 
5±CffM£fl*:MR'Vyh**f3 6fc. MR\7b'I 20 
^3 6±fc#j8SftfctB2tfM«R]R3 7fc, 112(7)^; 
H3 7±tC«jfiSiut«8»ttfli38fc3&»^flr(SS*l.4. 

[0 0 6 9] S*34(i, MR\7 h*^3 2<OTlv— 
A'Ffc&S. rt7)ffiK3 4tc{i. Mi.{fN i -Zn7x 
7^F^\ Mn-Zn7i7^f«gf*lttl}8 
J^fflSn*. Il«l3 5it MR^. / h*»3 2 
< 7 )Tl d f J f-y7°fc:$: 1 9\ ifc. 3l2<7)teif*J3l3 7 Ji. M 

[0 0 7 0] «C©ttjl3 8^. MR'v-y FSP3 2<OlM 

A-Ft&sfco-c**. i<?5waMSi3 8 30 

li. &j*t&J:5K. ^fy^r-f7'^fi^^'yFg|?3 
[0 07 1] MR\7 K*^3 6(2, US 1 <OffifiJS 3 5 

» 2 attjgag 37&^L-c.a«34 &tfUE«» 

ttJi3 8tc»S$$*t-CV^. 

[0 0 7 2] HI 51±„ MR'vy F&3 2W5BB3fU> 
MR^-7 F*^-3 6<7)-fl||3!<;CT$:^-r ;s FtBllrS>S. 
coMR's-y h*^ 3 6 !i, ^ft#:fr[6l*^Me£» 
3 1 fc OttfaHh mm?^* <t 3 KE?iifc¥ffls^5 
t)g«SViMRff4 0i, ±§BSVMMR^4 0 40 
«0^^|fil<0«*Bfflt»jSSnfc*A«E5ffli4 1a, 4 
1 b t . .UE*AapBK4 la, 41b Sftft 
giSajUWfc4 2a. 4 2bfc. JJag|?ajL4W»!4 2 
a<0-3Bfflt3B«S*Lfci'hafSffF4 3at, JiiB^ffi 
LSft4 2 b^fflfflfcJ&SSflfciWKSfM 3 b fc £ 
fflx.6. 

[0 0 7 3] SV&{±. 0!*tf> 7 'J -S. Itatt®. 
|SF* s HIC'tS . * L/C 7 U HiOffiffcfiT ft t fyjfcoa 50 



ftffl 2001-43515 
1 4 

■TOMR'Vy F$3 2ti. S Vi/MRfg^-4 0<?) 

^7j[6]* j k«*«*3 i ttotttimtttLxvmi 

b^miztiiZtltz. ^tWUmOMR^y FT'£> 

s. 

[ 0 0 7 4 ] _LK*Afiffi)3l4 1 a , 41bfi, SVM 

I4 1a, 4 1 bA^cO^O^SPtiJ: 1 ? SVSMRS 
: p4 0«:»jfitS7'J-f|<r«fl:*l*lSfflJ&t*. £*l 

htztb. SVS!MR*^4 0<oaKffita?Rftt?tb^rU 
vXfcWSfc^S^fc^fctS Jbia* 
AKEJB4 1 a, 4 1 bfc LTIi, Milf-MMO- 
Fe 2 0 3 (M{i2fflf^JB-fjry) X'$k%tl.h\^frVph 

i o o 7 5 ] t z*>x\ ±m.iKfflam u, 4 1 b 

UT. *yx*8E{i3l£ajL£f*4 2a, 4 2b#>£>j|c 
A«HR4 1a, 4 1 b^LTSVMMRfg^Ofc 

#*tftastS»88Eaifc*SSMHi, *^UK5JR4 la, 

4 1 blSfcf&ft&*lfcSVSMR*i 1 4 0-C&&. 

T« *&W6m4 1 a t*A«ffi]R4 1 btvtiHHWh 
7-y?^t%>0, *A.«E51R4 1 a, 4 1 h 

5 -y ^ BA«ffl*J S/iS £ i: fcA4 . 

[0 0 7 6] ?[^ttiL@#c4 2a, 4 2b{i, ^*IHi 

•? , S VSMRST4 0aV*^SB?5JW4 1 a , 
4 1 b^*yzV$&fflktht:ib0>W6Kt>l. 31 & 
HJ L#»4 2a, 42b 0-«ga«iJJE3§cASSffiJR4 1 

a, 4 i btmmLxav, ^cr)mmim^4 2a., 

4 2b t^LT±S*A»BK4 1 a, 4 1 b&tf SV 

l±iL^*4 2 a , 4 2 b<Offlfflg»t{±. ^tmMS^f 
K$rtSftfe^l-M ; f-4 3a, 4 3 b#JBj£§fi£. 
[007 7] ^c7)J:o^MR-N-y Kg|53 2 ^ffl^Tffl^, 

^4 2 a , 4 2 b^-S^C^«$il^^» r F4 3 
a, 4 3b3K,3|#iBUffle4 2a. 42b^^tTS 
VMMRjR^OK-feyxmffiSfla&Us SVMMRS 
^4 0co*#^t^yxm»r l 2rai-. -^LT-^-ky 

t£svaMR*^4 0i^aEfli*«!ajL. iftti 

[0 0 7 8] ^y^T^yffia»^<y Hfl53 3tt, T 
g«m3T^«fc(ft»;ffl4l3 8J;. fc«ffiJB3 8±te 
ffM^^lS^V 77t -y 71R5 0 t . 4f + -y 

7"H 5 0 ±fc$j£3*Utff 1 Wfi^W 5 1 t . SB 1 <0 



1 5 

5 3t. ss2<>ma-ft» 5 3±£mmztdzmmmp 

[0 0 7 9] ZtokoWvyitT 4 Y1& 

3 3t-i±. mm.M3s (TMI37) -±aa»«3 

c^y?"?T-<7'«^y K»3 3-Ctt. T«ttJR3 

7 1 ±m*:j r 5 4 1 vmzmimtf*. t , i <ofi&2 

£ tc J: S »Sg#Sflc3 -f A- 5 2 * ffifiS k » j; < 

[ o o s o 3 ar. ±mhtzx ? muzzm-mmm 

M^y H 3 OOKit^fcovvCiffiH-rs. 
[008 1] W>V1. MR\y H»3 2 . M 

R'Vy KS53 2*JBjft*-6fcti. £f\ ffi£34£jfli; 

4±fc. T1^77°k&§m?)&SSIl3 5£XA"-y 

wyvrnzx^mmh* z<n&\<wmA3 5<n& 

Mk LTfis A 1 iOa^tfJa^fcfU. &fc. ± 

iE»10*6ISSl3 5±(c. SVffiMRJfFM OfcfcSS 

VH4 0a^jS-r-5. 

[0082] SVaMRHS^Ok^SMJ-OW 
«Mfc*A«BlfS4 1 a, 4 lb«n. *4J*5 
I4 1a, 4 1 b£-JBJfct&fctt s £1\ ±lfiSVj!4 
OaiCP ^ h U 7 * h y V 7 gift 
J: 1 ), *A«F5K4 1 a, 4 1 bfcSr&atftfWH'S'*;* 

[0 0 83] JilfiVX^/^-y^vX^i LT 
JH4 0a£|5fc£-f.£„ Xy-fy^'ti.. Plilf^yiy 

f-y^miiWo. mz, ±3E?x?j*?-'yimfr 

iz&Mt £ . ftftt . v^hJ ^ h IfcjfflS 
Sfufe*AaP5JHi: k t>fc|»*t&i fc J: 0 , FJt£a' 
*->05&AfiP518l4 la, 4 1b*'SV14 0a4i|: 

[oo84]&t, SVSMR^4 0tC-feyX«S& 
«*W*3l*ajUWM2a. 42b£#)*-t6. ft* 

y^-7 7^J$$UtJ:0. 0l#ait##i4 2a, 42b t 

mzZco^xfsV'-yZ-??,? t LTX-yf- 

>-^s-ffv\ v^^ 3 &»(?,ssajL'tv^?i^ajL»ft4 2 

a, 4 2bfc35t4S5*cOSVH40a*Hfife^4. x 7 

[0085] mmimi¥42a., 42hk%h%%<F> 
SVJ«4 0a*»*L3ta. ±K , e^^^-y£Sff 
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1 6 

t J: ^f^aj L*fls4 2 a , 4 2 bOgfffl-fcSSfflR 

[0 086] JJtt, ±JB^yrfc=3rSSf2fiO*ttlB3 

7^XyN--y^'Jy^fci0ffM-t-&„ <I60S2<7)^ 

H3 7c9*ffik LTtis 0UtfA 1 203***fflv^*i 

[0 087] <JtC. JJfy~/l/Kfc&6838ttS3 8 
10 £\ «jc.tf^-y»o*fc:j:0. mj&D&B«cJBJiW- 
S. ^|i^14/l3 8?)*fflk LTtt, ^JxtfN i Fe 

R^«yh*a3 2jWB«Sil5. 
[0088] #V>T\ 4 y^^r y'M^ ^ 3 

3coTmm^rmkmmm3 8±t^> ->ym 

[00893 <Mc, « 1 WHHJtM 5 1 ±t rt?~y#> 

~> *yx.>/i~yymz$. *>m&4 ^5 2*% 
[ 0 0 9 0 3 iRtc, -^ma-f iv\-_\z%2 <nmmm 

5 3 £Bf&-f& tti,£. zcr>%2 vymftM 5 3 COS 
[009 1 3 ^2(OTOftl5 3±tXn".y^U 

^t«fc9±aBas\3r5 4j»«i-stkfc{c, x- y 
30 ^ynz£^±mm^T5 4m7mmz%m-?>> 
[0092] a±<7)xnm& ztiz£<o. a yy?T 
4 ymm%^y K3J3 3mm^ti. mms*^? ¥3 

[009 3] mz, MR\7 h*l»3 2eOSVSMR3&f- 
4 0&t6JcASBEBK4 la, 41b SJBjR-fiiecOVX 

[0094] HI 6t^"TJ;-5t. mi^i^K 
3 5k, SV^MR«T40tC^SSVK4 0at» 
40 )t§ix^SS3 4 ^Mt(i*^3 0 0 0 r pm-CHMES-lt 
=3:*^. SVJi4 0a±fc, ^l«OUx'Xh6 0^t 

[0095] iWSSl c^P-^ h- 6 Otli, ft5*f S» 

2coi/i>.xb<7)ii«CTL'rfi»^-t : . mm2v 
* J fflv^^L§„ ^j-p&misoi^'xheoiL-c 

ti. 0iJi.(f>-7"P-Y»LOL-l 0 0 0^*W^ 
S„ ;«LOL-1000I±, it^lMf-zkTVl/;?- 
50 ;M5 K (PMGI ) j&'fcSr*. 



(10) 
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1 7 

[ 0 0 9 6 ] &fc, S VJI4 0 a Jhfc&fijSilfcS 1 (0 

u^xbeoiznix, ftyffiwTVK-tzft? . z 

Ts 1 7 5*SJ*Ttt6 0#IBfT3. 
[0097] Hl7t^-tidt. S«34£0] 
£{f&3 0 0 0 r pmTUKSS-fr^^. £il KV-JX 
l-6 0±fcgfS2<91^xl-6 lSrXh-y^hatJ;'} 

X h 6 1 1 LXl±. fiJi-iSWISV^X 

[0 0 9 8] ^l601/£/Xh6 0±tM^§fLit 

$B20l^Xb6 lfcttLT. ^mW^^-^S-tT 

WT\ S^#11MT. 1 6 5JS-1 7 0KT*tt3 04H58 
fro. 

[0 0 9 9] H18^-fJ:-5t, WifcTSTO 

yxh6 l+ti^-i'iBfcfcJlM'f*. fit, i£-C 
fi^'M^mi^'x h U^fcWfc^t'fC 
fffl-fS,, ftftWttt. MR^7F^3 6»If*|ii) 
WW«llfcfi3*i5&WKHK4 1 a , 4 1 b 

cOL-S/'X h 6 0 1 LX^McDVfWy ~sX V SrfflV *st 

[0100] m 1 Ol^'X h 6 O&t^Jr^W-?? 

-yit«?^2«vyx i- 6 i £J£»-rsc: 

kti 1 ?, Br£ovx?;\-?-y£jg$;-r&. 

[0 10 1] £f\ mi9t,z^t£ot l z, %2<nvvx 

r-6lS-3£«U ±m-?*9W-yZjmti>. SS2 
Ol^'X h 6 1 tfflkthfflmt LTfct. ^COl^' 

Xh6 iar«8»S*ft*tt*Sv^ 8i«0U">*xb6 
0 «{3 1 ^ £»W § tf&v > J -5 i ^ i fc 

if^LVi„ ^ <I«S 2(7) 1-^X1^6 lfcL 
HSit 3 ixKUftcr, , t iff 5 8ffl¥g#JfcW 5 sK 

[ o i o 2 ] mmt . w> tan 3 4 s iM«t^ 2 # 
BBS«Lfca, V >xic 2 omim-rz 1 1 J off 



1 8 



•3, -?-LT. SE34tN 2 ^ft§#JtT. 
fl*Lfc««S^^£»fcrLTfflK 3 4 

I 1 ). tKAIMH 1 a, 4 1 b fc&l.gfrfrOL^y'X h 
#»«S#l.Ts *AJKCR4 1 a, 4 1 bi$:$S#t 

[0 1 03 3 ifcfc. 02 OSt/02 1 J: o fc„ » 
lWb^xb6 0^SftLT. 71vx^A7-yjf 
WS. ii-C. HI2HJ, B2 0tXii-XijitS 

io ifmmmx'hi, z^KDWjxvboiwsctt 

XYWmmi L-OL Mttih o e c h s tttSJAZ 

- 3 o o m i Fm<nr>vA 'J3s«jftj&«fflv^ii4 . 
[0 104] ±Jlv^^^^-y*jg«L,3t«t. $1 

ovv-'x h 6 o^'^-rsry^ immiizwsi&fk? 

®2C0V> ? Xh6 1^#L-TV^V^;^, 
20 1 Ol/i^X b 6 OfcL a^tc. Miff 1 0»feKT» 

i. mm2coi-~;xb6iiz£'>zmbtiT\ l ^m 

[0105] mm. 345: T)Vfj 'M^mzmt 
i>x h 6 1 <7)SoP<t 00.5^ mmmm± x-mmt 

5, SVSMR*^4 0fc&SgP#<75!&l<7) 

Ixi/Xh6 0 4>?Wllf|^^ill). CeD±5tLT, ^2 

[0106] fiftt. 1 ftmmfrMz § 4, LTJ|#)«5: 
IftSLfcft, ££3 4 £N 2 SIRS WtT***»tf L 

U-C£«3 4iS6fii$*S. 

[0 1 07 3 iOi^t, IBl«V^h6 0frS«t 
fctCi 0 . 77<ATO^4 la, 41 b btt&mw 

v-jxbmmztix. svaMR«?4o&t> f *A.a 

5M4 1a, 4 1bfciS:&a»K: N SigSVMMR*^ 
40 4 0MJ^Afi£5ffil4 la, 4 1 b fc ^cS»i 0 i,^ 

[0108] id-C. S VSMR*^4 Oli. 7TcA»5 
I4 1a, 4 1 btf3St»^$n4. TW?X9M- 
yji, SVSMR* : P4 0av'7>:Aa ; 5^4 1 a, 4 1 

y^-y±^M$ii^±^-7X^-'^-y(i. tkA® 
5JS4 1a, 4 1bfc45Si}-tiBPS*fl-tTV^. 
•f^t>*>. Tfivx^/^-yetis SVMMR*^4 
50 o-k.Khl&ftnwJxum&Zlxx^h. -If. ±M 
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19 20 

*?xtW-y?ii. SV32MR*?4Oi:fc$fiMJ'05 [0114] iot, Xy-f-y^'tcJ; y )W££iifzS'V 

iZti^X. SVSMRS^4 0k&£g|S#<7>l^Xh ^gfrfrli, SV^4 0atJ4ffLTV^V^*6. 

fi , m 1 « V =JX Y 6 0 Jifclrf WS£ ilT V ^ fc S VMM Rft^f 4 0 *> 1/ y'X h SrilJ^fl) RW>; >' U $ 

fcUc. ^fgSVMMR*^4 0k&6^HcS#U: ^ffllifS^v^ &fc„ ■rog^^l^'X}- 6 l<7)3i£ 

i/y'x h s VJS4 0 afc<3iafctt£ia{flH£tS. ? itiimt. ^icnWxyb OffiWK^Z J; OMWf 

§KSVg!MR^4 Ofc U; 

1/yXMi, SVM4 0atcMLT^±LTUS l Ii:(3 [0 115] x-yf-y^H? ol^::-* * yb'-A 

3rS. <97Jtf!£, SlE3 4te*fLT«&att~2(r g&fc-f 
[0 109] ±^L?tJ;'3t, *«WT{±s #«fS«fc 10 &ZbfiW£L\\ ^f^yt'-Aj, *R3 4fc*fLT 

j^&moi/^*h60fc»2<9l'i'**h61fc<>5ig i«H~20' (O^TlSi^AWS-lir&ifC, x-yf-y 

awusttt*^. *Jt % Jtstc J: s [0116] ac, 024&1M12 5£&tx at. ± 

<. igfcfiflfrffrfscifctf 1 -^*. XAv^yy^cio^iBtjjEjg-i-s. iit, 02 

[0 110] ftfc:, 02 2RV02 3fc:jjr*-«k3'fc:, i 5tt, 024+ Xis-XieJRtltJftiBffflHt**. 

Oi:3fcbT^j£$il£vX?y^-y£vX:?>. LT C0 117]*f*t. H2 6&t^S2 7t:S'tJ:at. 

iyf^ffl\ 3f£-?X?^-y^SftLT^ I/^Xh^^l-^b±tfig:l$tL^A»K4 1 
5SVK4 0a£|!fc£'t$. 02 3li„ 02 2 20 1 1 h h Z. I (Ci 0 . JJrg^^-ycO^BPB 

+ Xi3-Xi**t4J»tSBfffiEar*S. x-y^-y^'ii, $14 la, 4 1b#SVK4 0atpfcSfc&*ftfc4ja» 

Witf^yxyf-y^fciOff?. fc&S. £<It\ 122 7(i. 02 6+Xn-Xi 8 »ttJ 

[oiii] rc7)t§. a^w(3svMMRs j p4ot ifmmmx'hi. ^^xv^mnti^i^ 

miztitzsvm-hK nifiuitxbommizmvxL tons] zzx\ *a«?hr4 lsx'-w^yy^ 

fc>y'XF b £ t. i<0H-H«ttt iMI^flik SSSfliTRit. JMKLtofcAlBElR**, 

«fcoTSVS!MR5g^4 0(cAy£&£3-£TL4 5. l^'X ^ITOtftsf-f S. SVSMR^?4 0fc*5 
SViMRff4 0H/N'M l *Mt St. MRA.yb'gS 30 »#<0*±C«#U:l'5'*.X M4, SVBMOaiU* 

T t * -5 . £*:X«EBK4 l £ k t, a Bet s Sf^y* 

[0112] ^mmmm^i-?x^f^-ymm Y[znmLtz7^mmm\zki,^m^.m±.-tiz\i 

#8fdi. xSUiJ'Sfcs svSMRf£^4 0kft!> 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the occurrence of burrs at the time of 
stripping resist even if materials removed by etching are re-stuck to the resist by 
successively applying a first and a second resist on a mask pattern forrning surface, 
forming an upper layer mask pattern with the second resist and forming a lower layer 
mask pattern by removing a part of the first resist with a prescribed developer. 
SOLUTION: A first and second resist 20 and 21 are applied onto a SV film 8a 
becoming SV type MR element. A latent image is formed in the second resist 21 and 
developed to form an upper layer mask pattern. Then a part of the first resist 20 is 
removed by using a developer which hardly dissolves the second resist 21 to form a 
lower layer mask pattern. Therefore, a space is formed between the upper layer mask 
pattern and the SV film 8a and even if the SV film 8a removed by etching is left right 
above the part to be the SV type MR element and re-adhered to the second resist 2 \, no 
burr is generated at the time of stripping of the second resist 2 1 . 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st spreading process which faces forming a mask pattern and applies the 1st resist on a mask pattern forming face, 
The 2nd spreading process which applies the 2nd resist on the resist of the above 1st applied on the mask pattern forming face at 
the spreading process of the above 1st, The 2nd resist of the above applied on the 1st resist at the spreading process of the above 
2nd is exposed. The exposure process which forms a predetermined pattern latent image into the 2nd resist, and the 1st 
development process which develops the 2nd resist in which the pattern latent image was formed using the 1 st developer at the 
above-mentioned exposure process, and is used as the upper mask pattern, Have the 2nd development process which carries out 
dissolution clearance using the 2nd developer, and uses a part of 1 st resist of the above as a lower layer mask pattern, and it sets 
at the development process of the above 1 st. It sets at the development process of the above 2nd, using what has the larger 
solubility to the 1st developer of the 2nd resist as the 1st developer of the above than the solubility to the 1st developer of the 1st 
resist. What has the larger solubility to the 2nd developer of the 1 st resist as the 2nd developer of the above than the solubility to 
the 2nd developer of the 2nd resist is used. The above-mentioned upper mask pattern It has the resist cross-linking part over 
which it was continued and built on the part from which the 1 st resist of the above-mentioned lower layer mask pattern was 
removed among the resist residual parts into which the 2nd resist remains. It is the formation approach of the mask pattern 
characterized by considering as space between the above-mentioned resist cross-linking part and the above-mentioned mask 
pattern forming face. 

[Claim 2] The 1st resist of the above is the formation approach of the mask pattern according to claim 1 characterized by 
containing PORIMECfflRU GURUTARU imide. 

[Claim 3] The 2nd resist of the above is the formation approach of the mask pattern according to claim 1 characterized by being 
an electron beam resist. 

[Claim 4] The resist residual part of the above-mentioned upper mask pattern is the formation approach of the mask pattern 
according to claim 1 characterized by being made more greatly than the resist residual part of the above-mentioned lower layer 
mask pattern. 

[Claim 5] The film formation process which faces manufacturing the thin film magnetic head and forms the thin film which 
constitutes the above-mentioned thin film magnetic head on a thin film forming face, The mask pattern formation process which 
forms a mask pattern on the thin film formed with the above-mentioned film formation process, It has the etching process which 
removes the above-mentioned thin film exposed from the mask pattern formed with the above-mentioned mask pattern formation 
process by etching, and makes the thin film concerned a predetermined configuration. The 1st spreading process that the 
above-mentioned mask pattern formation process applies the 1 st resist on the above-mentioned thin film, The 2nd spreading 
process which applies the 2nd resist on the resist of the above 1st applied on the above-mentioned thin film at the spreading 
process of the above 1 st, The 2nd resist of the above applied on the 1st resist at the spreading process of the above 2nd is 
exposed. The exposure process which forms a predetermined pattern latent image into the 2nd resist, and the 1st development 
process which develops the 2nd resist in which the pattern latent image was formed using the 1st developer at the 
above-mentioned exposure process, and is used as the upper mask pattern, Have the 2nd development process which carries out 
dissolution clearance using the 2nd developer, and uses a part of 1st resist of the above as a lower layer mask pattern, and it sets 
at the development process of the above 1 st. It sets at the development process of the above 2nd, using what has the larger 
solubility to the 1 st developer of the 2nd resist as the 1 st developer of the above than the solubility to the 1 st developer of the 1 st 
resist. What has the larger solubility to the 2nd developer of the 1st resist as the 2nd developer of the above than the solubility to 
the 2nd developer of the 2nd resist is used. The above-mentioned upper mask pattern It has the resist cross-linking part over 
which it was continued and built on the part from which the 1 st resist of the above-mentioned lower layer mask pattern was 
removed among the resist residual parts into which the 2nd resist remains. It is the manufacture approach of the thin film 
magnetic head characterized by considering as space between the above-mentioned resist cross-linking part and the 
above-mentioned thin film. 

[Claim 6] The 1 st resist of the above is the manufacture approach of the thin film magnetic head according to claim 5 
characterized by containing PORIMECfflRU GURUTARU imide. 

[Claim 7] The 2nd resist of the above is the manufacture approach of the thin film magnetic head according to claim 5 
characterized by being an electron beam resist. 

[Claim 8] The resist residual part of the above-mentioned upper mask pattern is the manufacture approach of the thin film 
magnetic head according to claim 5 characterized by being made more greatly than the resist residual part of the above-mentioned 
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lower layer mask pattern. 

[Claim 9] The above-mentioned thin film is the manufacture approach of the thin film magnetic head according to claim 5 
characterized by being the magneto-resistive effect film. 

[Claim 1 0] The above-mentioned magneto-resistive effect film is the manufacture approach of the thin film magnetic head 
according to claim 9 characterized by being the giant magneto-resistance film with which the laminating of two or more thin film 
layers was carried out. 

[Claim 11] The above-mentioned giant magneto-resistance film is the manufacture approach of the thin film magnetic head 
according to claim 10 characterized by being the spin bulb film which has the 1st ferromagnetic layer, a non-magnetic layer, the 
2nd ferromagnetic layer, and an antifeiromagnetism layer. 

[Claim 1 2] the manufacture approach of the thin film magnetic head according to claim 9 that the longitudinal direction of the 
magneto-resistive effect film concerned is characterized by considering as abbreviation parallel with an opposed face with a 
magnetic-recording medium in the above-mentioned etching process while the above-mentioned magneto-resistive effect film is 
made into the shape of an abbreviation rectangle. 

[Claim 1 5] The manufacture approach of the thin film magnetic head according to claim 9 that the longitudinal direction of the 
magneto-resistive effect film concerned is characterized by considering as an opposed face with a magnetic-recording medium, 
and an abbreviation perpendicular in the above-mentioned etching process while the above-mentioned magneto-resistive effect 
film is made into the shape of an abbreviation rectangle. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the formation approach of a mask pattern, and the manufacture approach of the 

thin film magnetic head. 

[0002] 

[Description of the Prior Art] While small large capacity-ization in a hard disk drive unit advances in recent years, for the 
application as which especially application in a portability personal computer is considered, the demand to an about 2.5 inches 
small hard disk drive unit is increasing, for example. 

[0003] The playback output is not dependent on a medium rate, and since the magneto-resistive effect mold magnetic head (an 
MR head is called hereafter.) which detects resistance change of the magnetic film (MR film is called hereafter.) which has the 
magneto-resistive effect from which resistivity changes with fields as playback output voltage has the description that a high 
playback output is obtained also at a low medium rate, it attracts attention as the magnetic head which realizes 
large-capacity-ization in a small hard disk. 

[0004] On a nonmagnetic substrate, such an MR head forms the above-mentioned MR film, an electrode layer, an insulator layer, 
etc. by the thin film technology, and is formed by etching these into a predetermined configuration with a photolithography 
technique. 

[0005] For example, when forming a magneto-resistive effect component (MR component is called hereafter.), the thin film for 
MR components which consists of MR film etc. first on the forming face in which the MR component concerned is formed is 
formed. Next, a resist is applied on this thin film for MR components. And the resist pattern of a predetermined configuration is 
formed by developing negatives by exposing to this resist. Specifically, let this resist pattern be the pattern with which the resist 
remains into the part used as MR component. Next, it etches by using this resist pattern as a mask, and the thin film for MR 
components of a part exposed from the mask is removed. Ion etching performs this etching. Finally, it will be in the condition that 
MR component was formed in the position, by removing a resist. 
[0006] 

[Problem(s) to be Solved by the Invention] However, by using a resist pattern as a mask, in case etching removes MR film 
exposed from the mask, the problem that the thin film for MR components removed by etching will carry out the reattachment to 
the side face of a resist arises. 

[0007] If MR film removed by etching carries out the reattachment to a resist, in case a resist will be exfoliated, this MR film that 
carried out the reattachment will make the side face of MR component generate weld flash. And generating of this weld flash had 
become the cause of worsening the yield of an MR head while reducing the sensibility of MR component greatly. 
[0008] While rubbing the front face of MR component with the brush conventionally, this weld flash was mechanically removed 
by washing with water. However, the front face of MR component will be damaged by this approach. Moreover, there is also a 
problem that MR component will deteriorate, with the water used for washing. 

[0009] Although the improvement of the cross-section configuration of a mask pattern etc. is proposed in order to suppress such 
reattachment of the clearance object by etching, and generating of the weld flash by the reattachment object, still sufficient 
effectiveness is not acquired. 

[00 1 0] This invention is proposed in view of the conventional actual condition which was mentioned above, and even if the 
clearance object removed by etching carries out the reattachment to a resist, it aims at offering the manufacture approach of the 
thin film magnetic head which applied the formation approach of a mask pattern and it which do not generate weld flash at the 
time of resist exfoliation. 
[0011] 

[Means for Solving the Problem] The 1st spreading process that the formation approach of the mask pattern of this invention 
applies the 1 st resist on a mask pattern forming face, The 2nd spreading process which applies the 2nd resist on the resist of the 
above 1st applied on the mask pattern forming face at the spreading process of the above 1st, The 2nd resist of the above applied 
on the 1 st resist at the spreading process of the above 2nd is exposed. The exposure process which forms a predetermined pattern 
latent image into the 2nd resist, and the 1 st development process which develops the 2nd resist in which the pattern latent image 
was formed using the 1 st developer at the above-mentioned exposure process, and is used as the upper mask pattern, It has the 
2nd development process which carries out dissolution clearance using the 2nd developer, and uses a part of 1st resist of the 
above as a lower layer mask pattern. 
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[0012] And the formation approach of the mask pattern of this invention In the development process of the above 1st, it sets at the 
development process of the above 2nd, using what has the larger solubility to the 1st developer of the 2nd resist as the 1st 
developer of the above than the solubility to the 1st developer of the 1st resist. What has the larger solubility to the 2nd developer 
of the 1st resist as the 2nd developer of the above than the solubility to the 2nd developer of the 2nd resist is used. The 
above-mentioned upper mask pattern It has the resist cross-linking part over which it was continued and built on the part from 
which the 1st resist of the above-mentioned lower layer mask pattern was removed among the resist residual parts into which the 
2nd resist remains. It is characterized by being made into space between the above-mentioned resist cross-linking part and the 
above-mentioned mask pattern forming face. 

[00 1 3] By the formation approach of the mask pattern concerning this invention which was mentioned above, the 2nd resist is 
applied on the 1 st resist, the 2nd resist concerned is exposed, and the predetermined pattern latent image is formed into the 2nd 
resist. And by the formation approach of the mask pattern concerning this invention, since the 2nd resist is developed, the upper 
mask pattern is formed first, next dissolution clearance of the part is carried out and the lower layer mask pattern is formed in the 
1 st resist, the resist cross-linking part by which between mask pattern forming faces was made space is easily formed in the upper 
mask pattern. Furthermore, by the formation approach of the mask pattern concerning this invention, since the process of 
patterning can be managed at once even if it forms the resist in two-layer, a location gap of patterning between two-layer resists 
does not take place, and a process can be simplified. 

[0014] Moreover, the manufacture approach of the thin film magnetic head of this invention has the film formation process which 
forms the thin film which constitutes the above-mentioned thin film magnetic head on a thin film forming face, the mask pattern 
formation process which forms a mask pattern on the thin film formed with the above-mentioned film formation process, and the 
etching process which removes the above-mentioned thin film exposed from the mask pattern formed with the above-mentioned 
mask pattern formation process by etching, and makes the thin film concerned a predetermined configuration. 
[0015] And the 1 st spreading process that the above-mentioned mask pattern formation process applies the 1 st resist on the 
above-mentioned thin film, The 2nd spreading process which applies the 2nd resist on the resist of the above 1 st applied on the 
above-mentioned thin film at the spreading process of the above 1st, The 2nd resist of the above applied on the 1st resist at the 
spreading process of the above 2nd is exposed. The exposure process which forms a predetermined pattern latent image into the 
2nd resist, and the 1 st development process which develops the 2nd resist in which the pattern latent image was formed using the 
1st developer of the above at the above-mentioned exposure process, and is used as the upper mask pattern, It has the 2nd 
development process which carries out dissolution clearance using the 2nd developer, and uses a part of 1st resist as a lower layer 
mask pattern. 

[0016] And the manufacture approach of the thin film magnetic head of this invention In the development process of the above 
1 st, it sets at the development process of the above 2nd, using what has the larger solubility to the 1 st developer of the 2nd resist 
as the 1 st developer of the above than the solubility to the 1 st developer of the 1 st resist. What has the larger solubility to the 2nd 
developer of the 1st resist as the 2nd developer of the above than the solubility to the 2nd developer of the 2nd resist is used. The 
above-mentioned upper mask pattern It has the resist cross-linking part over which it was continued and built on the part from 
which the 1st resist of the above-mentioned lower layer mask pattern was removed among the resist residual parts into which the 
2nd resist remains, and is characterized by being made into space between the above-mentioned resist cross-linking part and the 
above-mentioned thin film. 

[00 1 7] By the manufacture approach of the thin film magnetic head concerning this invention which was mentioned above, while 
the mask pattern formed with the above-mentioned mask pattern formation process is considered as the two-layer configuration of 
the upper mask pattern and a lower layer mask pattern, the upper mask pattern has a resist cross-linking part, and it is made into 
space between the above-mentioned resist cross-linking part and the above-mentioned thin film. Therefore, by the manufacture 
approach of this thin film magnetic head, configuration degradation generated with the thin film which it was removed by etching 
of the thin film made into the predetermined configuration, and carried out the reattachment to the mask pattern is prevented by 
etching this mask pattern as a mask in the above-mentioned etching process. 
[0018] 

[Embodiment of the Invention] <Gestalt of the 1st operation> The gestalt of operation of this invention is explained hereafter. 
[00 1 9] Drawing 1 and drawing 2 are drawings showing the example of 1 configuration of the thin film magnetic head 1 
manufactured with the application of this invention. Here, drawing 1 is the perspective view having extracted and shown the 
important section of the thin film magnetic head 1, and drawing 2 is a sectional view in XI -X2 line of drawing 1 . This thin film 
magnetic head 1 has the MR head section 3 which reproduces an information signal from the magnetic-recording medium 2, and 
the inductive mold magnetic-head section 4 which records an information signal to the magnetic-recording medium 2. 
[0020] The substrate 5 with which the MR head section 3 consists of non-magnetic materials, such as aluminum203-TiC, MR 
component which consists of spin bulb film of the shape of a flat-surface abbreviation rectangle formed on the lower magnetic 
layer 6 formed on the substrate 5, the insulating layer 7 formed on the lower magnetic layer 6, and the insulating layer 7 (an S V 
mold MR component is called hereafter.) The end section of 8 and the longitudinal direction of the SV mold MR component 8 
(here, the back end section is called for convenience.) The connected back end electrode 9 and the other end of the SV mold MR 
component 8 (here, the front end section is called for convenience.) It has the insulating layer 1 1 continued and formed on the 
connected front end electrode 1 0, the S V mold MR component 8 and the back end electrode 9, and the front end electrode 1 0, and 
the up magnetic layer 1 2 formed on the insulating layer 11. 

[002 1] As for this MR head section 3, flat-surface abbreviation rectangle-like the SV mold MR component 8, the back end 
electrode 9, and the front end electrode 10 are put by the lower magnetic layer 6 and the up magnetic layer 12. moreover, this MR 
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head section 3 - the longitudinal direction of the S V mold MR component 8 — the signal recording surface of the 
magnetic-recording medium 2 - receiving — abbreviation — it is the MR head of the so-called vertical mold in which the S V 
mold MR component 8 was arranged so that the front end section of the SV mold MR component 8 might become an opposed 
face side with the magnetic-recording medium 2 so that it may become vertical. 

[0022] Here, fundamentally, the spin bulb film (S V film is called hereafter.) takes four layer systems by which the laminating of 
the 1st ferromagnetic layer, a non-magnetic layer, the 2nd ferromagnetic layer, and the antiferromagnetism layer was carried out 
to this order. The 1st ferromagnetic layer and the 2nd ferromagnetic layer are separated by the non-magnetic layer, and it will be 
magnetized in a certain fixed direction by the 2nd ferromagnetic layer which touched the antiferromagnetism layer by preparing 
an antiferromagnetism layer on the 2nd ferromagnetic layer (such a ferromagnetic layer is hereafter called a pin layer.). On the 
other hand, the 1 st magnetic layer separated by the non-magnetic layer does not take the regular magnetization direction (such a 
ferromagnetic layer is hereafter called a free layer.). That is, a pin layer has large coercive force and, as for a free layer, coercive 
force becomes small. If a field is applied to the spin bulb film of a configuration as mentioned above, the magnetization direction 
of a free layer will be decided. When the magnetization direction of a free layer and the magnetization direction of a pin layer are 
180-degree reverse, resistance of the spin bulb film becomes max. On the other hand, when the magnetization direction of a free 
layer and a pin layer becomes the same, resistance of the spin bulb film serves as min. Therefore, in the above-mentioned S V 
mold MR component 8, an external magnetic field will be detected using resistance change of this S V film. 
[0023] As the above-mentioned free layer and a pin layer, well-known soft magnetic materials, such as NiFe, NiFeCo, and a 
permalloy alloy, are usable. Cu, CuNi, CuAg, etc. can be used as the above-mentioned non-magnetic layer. Moreover, as the 
above-mentioned antiferromagnetism layer, IrMn, RhMn, PtMn, FeMn, CrMnPt, NiO, NiCoO, etc. can be used. 
[0024] The above-mentioned back end electrode 9 and the above-mentioned front end electrode 10 are formed so that it may lap 
on the both ends of the longitudinal direction of the S V mold MR component 8, and a sense current is passed in the S V mold MR 
component 8 toward the front end electrode 10 from the back end electrode 9. 

[0025] It connected with the front end electrode 10 in the SV mold MR component 8, and the up magnetic layer 12 was crooked 
near the opposed face with the magnetic-recording medium 2, and has extended toward the back end electrode 9 side from the 
upper part side. And this up magnetic layer 12 consists of a conductive ingredient, and is also bearing a role of the lead section of 
the front end electrode 10. In addition, between the points of this up magnetic layer 12 and the lower magnetic layer 6 serves as a 
magnetic gap. Furthermore, this up magnetic layer 12 serves as the lower magnetic core of the inductive mold magnetic-head 
section 4 so that it may mention later. 

[0026] As for the MR head section 3 of a vertical mold which was mentioned above, the S V mold MR component 8 can detect 
the signal field from the magnetic-recording medium 2 using causing resistance change by the external magnetic field. 
[0027] The up magnetic layer 12 from which the inductive mold magnetic-head section 4 serves as a lower magnetic core, The 
gap film 1 3 which is formed on the up magnetic layer 1 2 and serves as a magnetic gap, the conductor formed in the shape of a 
spir al on the 1 st flattening layer 1 4 formed on the gap film 1 3 , and the 1 st flattening layer 1 4 ~ a coil 1 5 and a conductor - it has 
the up magnetic core 17 which consists of soft magnetism material formed on the 2nd flattening layer 16 formed on the coil 15, 
and the 2nd flattening layer 16. 

[0028] In such the inductive mold magnetic-head section 4, the closed magnetic circuit is formed of the up magnetic layer 
1 2(lower magnetic core) -up magnetic core 17. for this reason, the magnetic flux in this inductive mold magnetic-head section 4, 
the magnetic potential difference arises between a lower magnetic core and the up magnetic core 17, and according to this 
magnetic potential difference — a conductor — the current which flows a coil 1 5 is intersected efficiently and the record field to the 
magnetic-recording medium 2 can be impressed. 

[0029] The manufacture approach of the thin film magnetic head 1 which was mentioned above is explained. 
[0030] Introduction and the MR head section 3 are produced. First, the lower magnetic layer 6 which consists of soft magnetic 
materials is formed on the nonmagnetic aluminum2 03 -substrate 5 which consists of TiC etc. Next, the laminating of the 
insulating layer 7 which consists of aluminum203 grade on this lower magnetic layer 6 is carried out. This insulating layer 7 
forms the magnetic gap of the MR head section 3. Furthermore, SV film used as the SV mold MR component 8 is formed on this 
insulating layer 7. 

[003 1] Next, the SV mold MR component 8 is formed. First, a resist is applied on the above-mentioned SV film, and only the 
part used as the S V mold MR component 8 forms the mask pattern with which the resist remained with a photolithography 
technique. In addition, the formation approach of the above-mentioned mask pattern is later explained to a detail. 
[0032] Next, it etches by using the above-mentioned mask pattern as a mask, and SV film of a part exposed from the 
above-mentioned mask is removed. Ion etching etc. performs etching. Finally, by exfoliating a resist, S V film is made with a 
predetermined configuration and the S V mold MR component 8 is formed. 

[0033] Subsequently, the back end electrode 9 for providing this SV mold MR component 8 with a sense current is formed in the 
back end section of the SV mold MR component 8. Then, the laminating of the insulating layer 1 1 is carried out on the SV mold 
MR component 8 and the back end electrode 9. 

[0034] And the up magnetic layer 12 which forms the front end electrode 10 for providing the SV mold MR component 8 with a 
sense current in the point of an insulating layer 1 1 , and is both [ magnetic core / of the inductive mold magnetic-head section 4 / 
point / lower ] used on this front end electrode 10 is formed, and the MR head section 3 is completed. 

[0035] Subsequently, the inductive mold magnetic-head section 4 is produced. First, the gap film 13 is formed on the up magnetic 
layer 12. subsequently, this gap film 13 top - surface flattening - drawing - a conductor - the 1st flattening layer 14 for forming 
a coil 15 in accuracy is formed. This 1st flattening layer 14 consists of polymeric materials etc. 
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[0036] next, the 1st flattening layer 14 top — a pattern plating method, ion etching, etc. — a conductor - a coil 15 is formed, this 
conductor -- a coil 15 consists of conductive ingredients, such as Cu. 

[0037] Next, while forming the 2nd flattening layer 1 6 on this electric conduction coil, flattening of the front face of this 2nd 
flattening layer 16 is ground and carried out. Next, while forming the up magnetic core 17 by sputtering on the 2nd flattening 
layer 1 6, the up magnetic core 17 is formed in a predetermined configuration by etching. 

[0038] By passing through the above process, the inductive mold magnetic-head section 4 is formed, and the thin film magnetic 
head 1 is completed. 

[0039] It explains to a detail, referring to drawing 3 - drawing 1 2 hereafter about the formation approach of the mask pattern at 
the time of forming the S V mold MR component 8 of the MR head section 3 . 

[0040] First, the 1st resist 20 is applied to the thickness of about 0. 1 micrometers with a spin coat method on S V film 8a, rotating 
the substrate 5 with which the lower magnetic layer 6, an insulating layer 7, and S V film 8a that becomes the S V mold MR 
component 8 were formed by about 3000 rpm, as shown in drawing 3 . 

[0041] An ingredient which dissolves is used for the predetermined solvent which does not dissolve in this 1st resist to the 
developer of the 2nd resist mentioned later, and the 2nd resist concerned does not dissolve, as such [ here ] 1st resist 20 — the 
product made from SHIPUREI -- LOL-1000 are used. These LOL-1000 mainly consist of PORIMECHIRU GURUTARU imide 
(PMGI). 

[0042] Next, prebaking before exposure is performed to the 1st resist 20 applied on SV film 8a. This prebaking adjusts the 
dissolution rate to the 1st developer for resists concerned of the 1st resist 20. This prebaking is performed for about 60 minutes at 
about 175 degrees under an air ambient atmosphere using clean oven. 

[0043] Next, the 2nd resist 2 1 is applied to the thickness of about 0.6 micrometers with a spin coat method on the 1 st resist 20, 
rotating a substrate 5 by about 3000 rpm, as shown in drawing 4 . As this 2nd resist 21, an electron beam resist is used, for 
example. Here, the macromolecule which constitutes a resist receives energy by the collision with an electron, and an electron 
beam resist means that by which some chains of the macromolecule concerned are cut, and molecular weight becomes small, or 
combines with other macromolecules, and a polymerization is carried out to the macromolecule of big molecular weight. 
Moreover, as for this 2nd resist 2 1 , it is desirable from a viewpoint in the case of the resist exfoliation after etching that it is the 
positive resist to which the solubility to the developer of the part by which the electron ray was irradiated increases. 
[0044] Next, prebaking before exposure is performed to the 2nd resist 21 applied on the 1st resist 20. By prebaking, the 
sensibility of the 2nd resist 21 can improve and a detailed pattern can also be formed with a sufficient precision. This prebaking is 
performed for about 30 minutes at 165 - 170 degrees under an air ambient atmosphere using clean oven. 
[0045] Next, as shown in drawing 5 , it draws using an electron ray aligner by irradiating an electron ray by the predetermined 
pattern at the 2nd resist 2 1 of the above, and a pattern latent image is formed into the 2nd resist 21 . However, the case where the 
electron beam resist of a positive type is used here is mentioned as an example, and is explained. It specifically leaves the part 
used as the S V mold MR component 8, electrode connection 9a, and a resist stand, and an electron ray is irradiated at the other 
part. In addition, in drawing 5 , the slash shows the part by which an electron ray is irradiated. Moreover, when the electron beam 
resist of a negative mold is used as the 2nd resist 2 1 , the field which irradiates an electron ray becomes an above-mentioned case 
and objection. 

[0046] Here, a resist stand is for forming a resist cross-linking part in a mask pattern, it faces forming the MR head section 3 
eventually, and a resist stand will become unnecessary. A substrate 5 is set and ground [ cut and ] by X3-X4 line, after forming 
the MR head section 3 and the inductive mold magnetic-head section 4 so that it may mention later. That is, the cutting plane in 
this X3-X4 line turns into an ABS (Air Bearing Surface) side of the thin film magnetic head 1 . Moreover, a resist stand is formed 
in electrode connection 9a and the abbreviation symmetry on both sides of the SV mold MR component 8. 
[0047] Next, a predetermined mask pattern is formed by developing the 2nd resist 2 1 in which the 1 st resist 20 and 
predetermined pattern latent image were formed. 

[0048] First, as shown in drawing 6 , the 2nd resist 21 is developed and the upper mask pattern is formed. Although the force of 
dissolving the 2nd resist 2 1 is large as a developer which develops the 2nd resist 2 1 , as for the 1 st resist 20, it is desirable to use a 
developer in which it is not made to almost dissolve. Here, the case where the positive resist to which the solubility to the 
developer of the part by which the electron ray was irradiated increases as this 2nd resist 21 is used is explained. Therefore, it 
dissolves in a developer, the resist of the part by which the electron ray was irradiated is removed, the resist of the part by which 
an electron ray was not irradiated remains, and the upper mask pattern is formed. 

[0049] Development of the 2nd resist 21 is performed by dipping a substrate 5 in a rinse about 20 seconds first, after being 
immersed in a developer for about 2 minutes. And N2 is sprayed on a substrate 5, solvents, such as a developer adhering to a 
substrate 5, are flown, and a substrate 5 is dried. Thus, the upper mask pattern with which the resist of the part used as the SV 
mold MR component 8, electrode connection 9a, and a resist stand remained is formed by developing the 2nd resist 21 . 
[0050] Next, as shown in drawing 7 and drawing 8 , dissolution clearance of a part of 1st resist 20 is carried out, it considers as a 
predetermined configuration, and a lower layer mask pattern is formed. Here, drawing 8 is a sectional view in X5in drawing 7 
-X6 line. Although the force in which the developer which dissolves a part in this 1st resist 20 dissolves the 1st resist 20 is large, 
as for the 2nd resist 21, it is desirable to use a developer which hardly dissolves. As such 1st developer for resists, alkali 
developers, such as AZ-300MIF made from hoechst, are used, for example. 

[005 1 ] Place [ the place where the 2nd resist 2 1 does not remain ], i.e., when the 1 st resist 20 is exposed, if a substrate is dipped 
in the developer which the 1 st resist 20 dissolves after forming the upper mask pattern, promptly, in about 10 seconds, it will 
dissolve and the 1 st resist 20 will be removed. However, the 2nd resist 21 remains and the 1st resist 20 of the part covered with 
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the 2nd resist 2 1 concerned is gradually dissolved from the edge of the 2nd extant resist 2 1 . 

[0052] For example, a substrate 5 is dipped in an alkali developer and about 0.5 micrometers of the 1st resist 20 are dissolved to 
the inside in about 40 seconds from the edge of the 2nd resist 21 which remains. At this time, dissolution clearance also of the 1st 
resist 2 1 of the part used as the SV mold MR component 8 is carried out. Thus, the lower layer mask pattern which has an area 
small at the 2nd resist configuration and analog is formed. 

[0053] After spraying N2 on a substrate 5 after exposing to a stream about 1 minute and removing a developer finally, and 
evaporating excess water, in clean oven, it heats for 30 minutes at 50 degrees, and a substrate 5 is dried. 

[0054] Thus, by developing the 1st resist 20, the resist of the part used as electrode connection 9a and a resist stand remains, and 
a lower layer mask pattern is formed. At this time, the resist which remained is the part and analog used as electrode connection 
9a, and let it be an area smaller than the electrode connection 9a concerned. 

[0055] Here, as shown in drawing 8 , in the lower layer mask pattern, the resist of the part used as the S V mold MR component 8 
is removed. On the other hand, in the upper mask pattern, the resist of the part used as the S V mold MR component 8 remains. 
Therefore, in the upper mask pattern, the resist which remained into the part used as the S V mold MR component 8, and the resist 
which remained into the part which space exists between S V film 8a, and serves as the S V mold MR component 8 concerned will 
have surfaced to S V film 8a. 

[0056] As mentioned above, since the lower layer mask pattern is formed using the soluble difference of the 1st resist 20 and the 
2nd resist 21 to each developer, in this invention, the location gap with a lower layer mask pattern and the upper mask pattern 
does not arise. Moreover, the process of the pattern latent-image formation by exposure can simplify a process that what is 
necessary is to carry out only to the 2nd resist 21 . 

[0057] Next, as shown in drawing 9 and drawing 10 , it etches by using as a mask the mask pattern formed as mentioned above, 
and S V film 8a exposed from the mask pattern concerned is removed. Here, drawing 10 is a sectional view in X7in drawing 9 
-X8 line. Ion etching performs etching. 

[0058] If S V film 8a of the part which serves as the S V mold MR component 8 eventually is contacted at this time, a resist 
remains and the mask pattern is formed, S V film removed by etching will adhere to the side face of a resist again. Thus, if S V film 
which carried out the reattachment is in the side face of a resist, when exfoliating a resist, the S V mold MR component 8 will be 
made to generate weld flash with this reattachment object. If weld flash occurs for the SV mold MR component 8, it will become 
causes, such as lowering of the playback sensibility of the MR head section 3, and lowering of the yield. 
[0059] By the formation approach of the mask pattern concerning the gestalt of this operation, as mentioned above, the resist 
which remained into the part used as the S V mold MR component 8 has surfaced to S V film 8a. Therefore, there will be no wall 
of the resist in which S V film removed by etching carries out the reattachment in this condition in right above [ of the component 
section ]. Moreover, even if S V film removed by etching carries out the reattachment to the resist which remained right above the 
part used as the SV mold MR component 8, there is no problem of weld flash generating at the time of exfoliating a resist from 
the S V mold MR component 8 which mentioned this resist above since S V film 8a had not touched. 

[0060] Furthermore, in this mask pattern, the resist residual part of the upper mask pattern is made more greatly than the resist 
residual part of a lower layer mask pattern. That is, in the periphery section of a mask pattern, the 2nd resist 2 1 is projected rather 
than the 1 st resist 20. This 2nd projected resist 2 1 does not touch SV film 8a. Therefore, since this part is not in contact with S V 
film 8a even if S V film removed by etching carries out the reattachment to this 2nd projected resist 2 1 , there is no problem of 
weld flash generating at the time of exfoliating a resist from the SV mold MR component 8. In addition, the amount of ejection of 
this 2nd resist 2 1 is controllable by the developing time of the 1 st resist 20. 

[0061] Moreover, in case it etches, it is desirable to make the incident angle of an ion beam into abbreviation perpendicular -20 
degree to a substrate 5. The reattachment to the resist of SV film removed by etching can be prevented by carrying out incidence 
of the ion beam from an abbreviation perpendicular -20 degree direction to a substrate 5. 

[0062] Finally, as shown in drawing 1 1 , the SV mold MR component 8 and electrode connection part 9a are formed in a 
predetermined configuration by removing a resist. In order to remove a resist, a resist is exfoliated in ultrasonic cleaning using the 
exfoliation solvent corresponding to each resist. 

[0063] Thus, a mask partem is made into two-layer structure, and by floating and forming the resist residual section formed right 
above the part used as the SV mold MR component 8 from the spin bulb film, even if there is a reattachment object to the resist at 
the time of etching, in case a resist is exfoliated, weld flash generating of the S V mold MR component 8 can be suppressed. 
[0064] And the laminating of the insulating layer 1 1 which is not illustrated on the SV mold MR component 8 and the back end 
electrode 9 is carried out, and the front end electrode 1 0 is formed in the front end side of an insulating layer 1 1 . Furthermore, the 
up magnetic layer 12 is formed on this front end electrode 10, and the MR head section 3 is completed. Furthermore, the inductive 
mold magnetic-head section 4 is formed on the MR head section 3. And it grinds until the end section of the direction of a long 
side of the SV mold MR component 8 is exposed to a ** ABS side, and the thin film magnetic head 1 is completed by cutting 
down a substrate for every head. 

[0065] Here, signs that the back end electrode 9 and the front end electrode 10 were connected to the SV mold MR component 8 

are shown in drawing 12 . In addition, in drawing 1 2 , the insulating layer 1 1 of the MR head section 3 and the inductive mold 

magnetic-head section 4 omit, and are shown. As shown in drawing 12 , while the end section of the direction of a long side of the 

abbreviation rectangle-like S V mold MR component 8 is exposed to an ABS side, the front end electrode 10 is formed and the 

back end electrode 9 is connected to electrode connection 9a of the other end of the S V mold MR component 8. 

[0066] <Gestalt of the 2nd operation> The gestalt of other operations of this invention is explained hereafter. 

[0067] Drawing 1 3 and drawing 14 are drawings showing the example of 1 configuration of the thin film magnetic head 30 
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manufactured with the application of this invention. Here, drawing 13 is the perspective view having extracted and shown the 
important section of the thin film magnetic head 30, and drawing 14 is a sectional view in X9-X10 line of drawing 13 . This thin 
film magnetic head 30 has the MR head section 32 which reproduces an information signal from the magnetic-recording medium 
3 1 , and the inductive mold magnetic-head section 33 which records an information signal to the magnetic-recording medium 3 1 . 
[0068] The MR head section 32 consists of a substrate 34, the 1st insulator layer 35 formed on the substrate 34, an MR head 
component 36 formed on the 1 st insulator layer 35, the 2nd insulator layer 37 formed on the MR head component 36, and a soft 
magnetism layer 38 formed on the 2nd insulator layer 37. 

[0069] A substrate 34 serves as lower layer shielding of the MR head section 32. Hard soft magnetic materials, such as for 
example, a nickel-Zn ferrite and a Mn-Zn ferrite, are used for this substrate 34. The 1st insulator layer 35 serves as a lower layer 
gap of the MR head section 32, and the 2nd insulator layer 37 serves as the upper gap of the MR head section 32. 
[0070] The soft magnetism layer 38 serves as the upper shielding of the MR head section 32. In addition, this soft magnetism 
layer 38 serves also as the lower magnetic core of the inductive mold magnetic-head section 33 so that it may mention later. 
[0071] The MR head component 36 is pinched by the substrate 34 and the above-mentioned soft magnetism layer 38 through the 
1st insulator layer 35 and 2nd insulator layer 37. 

[° 072 ] Drawing 15 is the top view showing the example of 1 configuration of the MR head component 36 used for the MR head 
section 32. The S V mold MR component 40 of the flat-surface abbreviation rectangle to which, as for this MR head component 
36, that longitudinal direction was allotted so that it might become an opposed face and abbreviation parallel to the 
magnetic-recording medium 3 1 , The permanent magnet film 4 1 a and 4 1 b formed in the both ends of the longitudinal direction of 
the above-mentioned SV mold MR component 40, it was drawn from the above-mentioned permanent magnet film 41a and 41b 
-- pulling out — Conductors 42a and 42b and the above-mentioned drawer ~ a conductor - external terminal 43a formed in the 
end section of 42a, and the above-mentioned drawer - a conductor - it has external terminal 43b formed in the end section of 
42b. 

[0073] As for S V film, it comes to carry out the laminating of a free layer, a non-magnetic layer, a pin layer, and the 
antiferromagnetism layer to this order. By S V film, the magnetization direction of a free layer rotates by the external magnetic 
field. And resistance of S V film changes with the include angles which the magnetization direction of a free layer and the 
magnetization direction of a pin layer make. Therefore, in the above-mentioned S V mold MR component 40, an external 
magnetic field will be detected using resistance change of this SV film. This MR head section 32 is the MR head of the so-called 
horizontal type allotted so that the longitudinal direction of the SV mold MR component 40 might serve as abbreviation parallel 
to an opposed face with the magnetic-recording medium 3 1 . 

[0074] The above-mentioned permanent magnet film 41a and 41b is formed in the both ends of the longitudinal direction of the 
S V mold MR component 40, and fixes the magnetization direction of the free layer which constitutes the S V mold MR 
component 40 under the effect of the magnetic field from the permanent magnet film 41a and 41b. Thereby, since magnetization 
distribution of a free layer is stabilized by the single domain condition, the magnetic-reluctance property of the SV mold MR 
component 40 can be made [ which does not have a hysteresis ] stable. As the above-mentioned permanent magnet film 41a and 
41b, the so-called ferrite expressed with general formula MO-Fe 203 (M is a divalent metal ion), for example is used. 
[0075] By the way, since the above-mentioned permanent magnet film 41a and 41b has conductivity, in this MR head section 32, 
a sense current is pulled out and supplied to the SV mold MR component 40 through the permanent magnet film 41 a and 41b 
from Conductors 42a and 42b. And the part used as the magnetic force sencor which detects the field from the 
magnetic-recording medium 3 1 actually is the S V mold MR component 40 prepared between permanent magnet film 41a and 
41b. Therefore, spacing of permanent magnet film 41a and permanent magnet film 41b serves as the width of recording track, and 
the width of recording track will be regulated with the permanent magnet film 4 1 a and 41b. 

[0076] It is an electrode for pulling out, and Conductors 42a and 42b consisting of conductive film, and supplying a sense current 
to the S V mold MR component 40 and the permanent magnet film 4 1 a and 4 1 b. a drawer - the end section of Conductors 42a 
and 42b - the above-mentioned permanent magnet film 41a and 41b « connecting — **** - this drawer - a sense current is 
supplied to the above-mentioned permanent magnet film 41 a and 41b and the S V mold MR component 40 through Conductors 
42a and 42b. Moreover, it pulls out and the external terminals 43a and 43b for taking the exterior and electrical installation are 
formed in the other end of Conductors 42a and 42b. 

[0077] In case a record signal is read from the magnetic-recording medium 3 1 using such the MR head section 32, it pulls out 
from the external terminals 43 a and 43b which pulled out and were formed in the end section of Conductors 42a and 42b, a sense 
current is supplied to the SV mold MR component 40 through Conductors 42a and 42b, and a sense current is passed to the 
longitudinal direction of the S V mold MR component 40. And this sense current detects resistance change of the S V mold MR 
component 40 produced by the field from the magnetic-recording medium 3 1 , and the record signal from the magnetic-recording 
medium 3 1 is reproduced by this. 

[0078] The soft magnetism layer 38 in which the inductive mold magnetic-head section 33 served as the lower magnetic core, 
The gap film 50 which is formed on the soft magnetism layer 38 and serves as a magnetic gap, and the 1st flattening layer 51 
formed on the gap film 50, the conductor formed in the shape of a spiral on the 1st flattening layer 51 - a coil 52 and a conductor 
- it has the up magnetic core 54 which consists of a soft magnetic material formed on the 2nd flattening layer 53 formed on the 
coil 52, and the 2nd flattening layer 53. 

[0079] In such the inductive mold magnetic-head section 33, the closed magnetic circuit is formed of the soft magnetism layer 
38(lower magnetic core)-up magnetic core 54. for this reason, the magnetic flux in this inductive mold magnetic-head section 33, 
the magnetic potential difference arises between a lower magnetic core and the up magnetic core 54, and according to this 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web 



magnetic potential difference -- a conductor — the current which flows a coil 52 is intersected efficiently and the record field to the 
magnetic-recording medium 31 can be impressed. 

[0080] The manufacture approach of the thin film magnetic head 30 of having hereafter a configuration which was mentioned 
above is explained. 

[0081] Introduction and the MR head section 32 are formed. In order to form the MR head section 32, first, a substrate 34 is 
prepared and mirror plane processing is performed to the front face. Hard soft magnetic materials are used for this substrate 34. 
Next, the 1st insulator layer 35 used as a lower layer gap is formed by sputtering etc. on the above-mentioned substrate 34. As an 
ingredient of this 1 st insulator layer 35, aluminum203 grade is used, for example. Next, SV film 40a used as the SV mold MR 
component 40 is formed on the 1 st insulator layer 35 of the above. 

[0082] Next, the permanent magnet film 41a and 4 1 b is formed in the ends side of the part used as the SV mold MR component 
40. In order to form the permanent magnet film 41a and 41b, first, a resist is applied on the above-mentioned SV film 40a, and 
only the part which serves as the permanent magnet film 41a and 41b with a photolithography technique forms the mask pattern 
from which the resist was removed. In addition, the formation approach of the above-mentioned mask pattern is later explained to 
a detail. 

[0083] Next, it etches by using the above-mentioned mask pattern as a mask, and SV film 40a of the part exposed from the mask 
is removed. Ion etching etc. performs etching. Next, while the above-mentioned mask pattern had been made to remain, the 
permanent magnet film is formed on the whole surface by sputtering etc. The permanent magnet film 4 1 a and 41 b of a 
predetermined pattern will be in the condition of having been embedded into SV film 40a, by finally removing a resist with the 
permanent magnet film formed on the resist concerned. 

[0084] Next, a sense current is supplied and pulled out for the S V mold MR component 40, and Conductors 42a and 42b are 
formed. Only the part which applies a resist on S V film, pulls out and specifically serves as Conductors 42a and 42b with a 
photolithography technique first forms the mask pattern from which the resist was removed. Next, it etches by using this mask 
pattern as a mask, and S V film 40a of the part which has been exposed from the mask and which pulls out and serves as 
Conductors 42a and 42b is removed. Ion etching etc. performs etching. 

[0085] After removing S V film 40a of the part which pulls out and serves as Conductors 42a and 42b, the conductive film is 
formed while the above-mentioned mask pattern had been made to remain. Next, it will be in the condition that pulled out and the 
conductive film was formed in the part of Conductors 42a and 42b, by removing a resist with the conductive film formed on the 
resist concerned. 

[0086] Next, the 2nd insulator layer 37 used as the upper gap is formed by sputtering etc. As an ingredient of this 2nd insulator 
layer 37, aluminum203 grade is used, for example. 

[0087] Next, the soft magnetism layer 38 used as the upper shielding is formed in a position by pattern plating. As an ingredient 
of this soft magnetism layer 38, NiFe etc. is used, for example. The MR head section 32 is formed by passing through the above 
processes. 

[0088] Subsequently, the inductive mold magnetic-head section 33 is produced. First, the gap film 50 is formed on the soft 
magnetism layer 38 which serves as the lower magnetic core of the inductive mold magnetic-head section 33. subsequently, this 
gap film 50 top - surface flattening - drawing -- a conductor - the 1st flattening layer 51 which consists of polymeric materials 
for forming a coil 52 in accuracy etc. is formed. 

[0089] next, the 1st flattening layer 51 top - a pattern plating method, ion etching, etc. - a conductor - a coil 52 is formed, this 
conductor — a coil 52 consists of conductive ingredients, such as Cu. 

[0090] Next, while forming the 2nd flattening layer 53 on this electric conduction coil, flattening of the front face of this 2nd 
flattening layer 53 is ground and carried out. 

[0091] Next, while forming the up magnetic core 54 by sputtering on the 2nd flattening layer 53, the up magnetic core 54 is 
formed in a predetermined configuration by etching. 

[0092] By passing through the above process, the inductive mold magnetic-head section 33 is formed, and the thin film magnetic 
head 30 is completed. 

[0093] Next, the formation approach of the mask pattern at the time of forming the SV mold MR component 40 and the 
permanent magnet film 4 1 a and 4 1 b of the MR head section 3 2 is explained to a detail, referring to drawing 16 - drawing 27 . 
[0094] First, the 1 st resist 60 is applied to the thickness of about 0. 1 micrometers with a spin coat method on S V film 40a, 
rotating the substrate 34 with which the 1 st insulator layer 35 and SV film 40a which becomes the S V mold MR component 40 
were formed by about 3000 rpm, as shown in drawing 16 . 

[0095] An ingredient which dissolves is used for a certain solvent which does not dissolve in this 1st resist 60 to the developer of 
the 2nd resist mentioned later, and the 2nd resist concerned does not dissolve. As such 1 st resist 60, the LOL- 1 000 grade made 
from SHIPUREI is mentioned, for example. These LOL- 1 000 mainly consist of PORIMECHIRU GURUTARU imide (PMGI). 
[0096] Next, prebaking before exposure is performed to the 1 st resist 60 applied on S V film 40a. This prebaking adjusts the 
dissolution rate to the 1st developer for resists concerned of the 1st resist 60. . This prebaking is performed for about 60 minutes 
at about 175 degrees under an air ambient atmosphere using clean oven. 

[0097] Next, the 2nd resist 6 1 is applied to the thickness of about 0.6 micrometers with a spin coat method on the 1 st resist 60, 
rotating a substrate 34 by about 3000 rpm, as shown in drawing 17 . As this 2nd resist 61, an electron beam resist is used, for 
example. Moreover, as for this 2nd resist 61, it is desirable from a viewpoint in the case of the resist exfoliation after etching that 
it is the positive resist to which the solubility to the developer of the part by which the electron ray was irradiated increases. 
[0098] Next, prebaking before exposure is performed to the 2nd resist 61 applied on the 1st resist 60. By prebaking, the 
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sensibility of the 2nd resist 61 can improve and a detailed pattern can also be formed with a sufficient precision. This prebaking is 
performed for about 30 minutes at 165 - 170 degrees under an air ambient atmosphere using clean oven. 
[0099] Next, as shown in drawing 18 , it draws using an electron ray aligner by irradiating an electron ray by the predetermined 
pattern at the 2nd resist 61 of the above, and a pattern latent image is formed into the 2nd resist 61 . However, the case where the 
electron beam resist of a positive type is used here is mentioned as an example, and is explained. An electron ray is irradiated at 
the part which specifically serves as the permanent magnet film 41a and 41b arranged on the ends side of the longitudinal 
direction of the MR head component 36. Here, in drawing 18 , the slash shows the part by which an electron ray is irradiated. In 
addition, when the electron beam resist of a negative mold is used as the 2nd resist 60, the field which irradiates an electron ray 
becomes an above-mentioned case and objection. 

[0100] Next, a predetermined mask pattern is formed by developing the 2nd resist 61 in which the 1st resist 60 and 
predetermined pattern latent image were formed. 

[0101] First, as shown in drawing 19 , the 2nd resist 6 1 is developed and the upper mask pattern is formed. Although the force of 
dissolving the 2nd resist 61 is large as a developer which develops the 2nd resist 61, as for the 1st resist 60, it is desirable to use a 
developer in which it is not made to almost dissolve. Moreover, this 2nd resist 61 is a positive resist to which the solubility to the 
developer of the part by which the electron ray was irradiated increases. Therefore, it dissolves in a developer, and is removed, 
the resist of the part by which an electron ray was not irradiated remains, and the resist of the part by which the electron ray was 
irradiated forms the upper mask pattern. 

[0102] Development is performed by dipping a substrate 34 in a rinse about 20 seconds first, after being immersed in a developer 
for about 2 minutes. And N2 is sprayed on a substrate 34, solvents, such as a developer adhering to a substrate 34, are flown, and 
a substrate 34 is dried. Thus, by developing the 2nd resist 61, the resist of the part used as the permanent magnet film 41a and 
4 1 b elutes, and the upper mask pattern which has opening into the part used as the permanent magnet film 4 1 a and 4 1 b is formed. 

[0 1 03] Next, as shown in drawing 20 and drawing 21 , the 1 st resist 60 is developed and a lower layer mask pattern is formed. 
Here, drawing 21 is a sectional view in XI 1 in drawing 20 -XI 2 line. Although the force in which the developer which develops 
this 1st resist 60 dissolves the 1st resist 60 is large, as for the 2nd resist 61, it is desirable to use a developer in which it is not 
made to almost dissolve. As such 1st developer for resists, alkali developers, such as AZ-300MIF made from hoechst, are used, 
for example. 

[0 104] Place [ the place where the 2nd resist 6 1 does not remain ], i.e., when the 1 st resist 60 is exposed, if a substrate is dipped 
in the alkali developer which the 1st resist 60 dissolves after forming the upper mask pattern, promptly, in about 10 seconds, it 
will dissolve and the 1st resist 60 will be removed. However, the 2nd resist 61 remains and the 1st resist 60 of the part covered 
with the 2nd resist 6 1 concerned is gradually dissolved from the edge of the 2nd extant resist 6 1 . 

[0105] For example, a substrate 34 is dipped in an alkali developer and about 0.5 micrometers of the 1st resist 60 are dissolved to 
the inside in about 40 seconds from the edge of the 2nd resist 61 which remains. At this time, dissolution clearance also of the 1st 
resist 60 of the part used as the SV mold MR component 40 is carried out. Thus, the lower layer mask pattern which has larger 
opening at the 2nd resist configuration and analog is formed. 

[0106] After spraying N2 on a substrate 34 after exposing to a stream about 1 minute and removing a developer finally, and 
evaporating excess water, in clean oven, it heats for 30 minutes at 50 degrees, and a substrate 34 is dried. 
[0107] Thus, by developing the 1 st resist 60, the resist of the part used as the permanent magnet film 4 1 a and 4 1 b elutes, and the 
lower layer mask pattern which has larger opening than the part used as the S V mold MR component 40 concerned and the 
permanent magnet film 41a and 41b into the part used as the SV mold MR component 40 and the permanent magnet film 41a and 
41b is formed. 

[0108] Here, the S V mold MR component 40 is formed among the permanent magnet film 4 1 a and 4 1 b. The lower layer mask 
pattern has opening into the part used as the SV mold MR component 40 and the permanent magnet film 41a and 41b. Moreover, 
the upper mask pattern formed on the lower layer mask pattern has opening into the part used as the permanent magnet film 41a 
and 41b. That is, in the lower layer mask pattern, the resist of the part used as the SV mold MR component 40 is removed. On the 
other hand, in the upper mask pattern, the resist of the part used as the S V mold MR component 40 remains. Therefore, in the 
upper mask pattern, while being built over the resist of the part used as the SV mold MR component 40 in the shape of a pons on 
the 1 st resist 60, space exists between the resists and SV film 40a which remained into the part used as the SV mold MR 
component 40 concerned. That is, the resist which remained into the part used as the SV mold MR component 40 concerned will 
have surfaced to S V film 40a. 

[0109] As mentioned above, since the lower layer mask pattern is formed using the soluble difference of the 1st resist 60 and the 
2nd resist 6 1 to each developer, in this invention, the location gap with a lower layer mask pattern and the upper mask pattern 
does not arise. Moreover, the process of the pattern latent-image formation by exposure can simplify a process that what is 
necessary is to carry out only to the 2nd resist 61. 

[0110] Next, as shown in drawing 22 and drawing 23 , it etches by using as a mask the mask pattern formed by doing in this way, 
and S V film 40a exposed from the mask pattern concerned is removed. Here, drawing 23 is a sectional view in XI 3in drawing 22 
-XI 4 line. Ion etching performs etching. 

[0 1 1 1 ] If S V film 40a of the part which serves as the S V mold MR component 40 eventually is contacted at this time, a resist 
remains and the mask pattern is formed, S V film removed by etching will adhere to the side face of a resist again. Thus, if S V film 
which carried out the reattachment is in the side face of a resist, when exfoliating a resist, the S V mold MR component 40 will be 
made to generate weld flash with this reattachment object. If weld flash occurs for the S V mold MR component 40. It will become 
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causes, such as lowering of the playback sensibility of the MR head section 32, and lowering of the yield. 
[0112] By the formation approach of the mask pattern concerning the gestalt of this operation, as mentioned above, the resist 
which remained into the part used as the S V mold MR component 40 has surfaced to SV film 40a. Therefore, there will be no 
wall of the resist in which S V film removed by etching carries out the reattachment in this condition in right above [ of the 
component section ]. Moreover, even if it carries out the reattachment to the resist which remained into the part from which SV 
film removed by etching serves as the S V mold MR component 40 concerned, there is no problem of weld flash generating at the 
time of exfoliating a resist from the SV mold MR component 40 which mentioned this part above since SV film 40a had not 
touched. 

[0113] Furthermore, in this mask pattern, since opening of a lower layer mask pattern is made more greatly than opening of the 
upper mask pattern as shown in drawing 23 , the 2nd resist 6 1 has projected inside opening rather than the 1 st resist 60. The 2nd 
resist 61 which projected and remained rather than this 1 st resist 60 does not touch SV film 40a. 
[0114] Therefore, since this part is not in contact with S V film 40a even if SV film removed by etching carries out the 
reattachment to this 2nd projected resist 61, there is no problem of weld flash generating at the time of exfoliating a resist from 
the SV mold MR component 40. In addition, the amount of ejection of this 2nd resist 61 is controllable by the developing time of 
the 1st resist 60. 

[0115] Moreover, in case it etches, it is desirable to make the incident angle of an ion beam into about abbreviation perpendicular 
-20 degree to a substrate 34. The reattachment to the resist of S V film removed by etching can be prevented by carrying out 
incidence of the ion beam from an abbreviation perpendicular -20 degree direction to a substrate 34. 

[0116] Next, while the above-mentioned mask pattern had been made to remain as shown in drawing 24 and drawing 25 , the 
permanent magnet film 41 is formed on the whole surface by sputtering etc. Here, drawing 25 is a sectional view in X15in 
drawing 24 -XI 6 line. 

[0117] Finally, as shown in drawing 26 and drawing 27 , the permanent magnet film 4 1 a and 4 1 b of a predetermined pattern will 
be in the condition of having been embedded into SV film 40a, by removing a resist with the permanent magnet film 41 formed 
on the resist concerned. Here, drawing 27 is a sectional view in X 1 7in drawing 26 -X 1 8 line. In order to remove a resist, a resist 
is exfoliated in ultrasonic cleaning using the exfoliation solvent corresponding to each resist. 

[0118] Here, also in case the permanent magnet film 4 1 is formed by sputtering etc., the permanent magnet film which reflected 
and dispersed on the substrate front face besides the permanent magnet film formed on the resist adheres to the side face of a 
resist. Since the resist which remained right above the part used as the SV mold MR component 40 has not touched, also in case 
it removes a resist with the permanent magnet film 4 1 formed on the resist concerned, as for S V film 40a, it can prevent weld 
flash generating by the permanent magnet film adhering to the resist concerned. 

[0119] Thus, a mask pattern is made into two-layer structure, and by floating and forming the mask formed right above the part 
used as the S V mold MR component 40 from 40a, even if there is a reattachment object to the resist at the time of etching, in case 
a mask is exfoliated, weld flash generating of the S V mold MR component 40 can be suppressed. 

[0120] As mentioned above, when forming the SV mold MR component of the MR head section in a predetermined configuration 
by etching, by the manufacture approach of the thin film magnetic head concerning this invention, generating of the weld flash by 
the reattachment object to a mask can be prevented. Therefore, the thin film magnetic head manufactured with the application of 
this invention can suppress property degradation of an S V mold MR component. Moreover, in case a mask pattern is formed, by 
using an electron beam resist, the detailed component of 0.5 micrometers or less is also accurate, and can be formed easily. 
[0121] Furthermore, by the manufacture approach of the thin film magnetic head concerning this invention, while the mask 
pattern had been made to remain, also in case the permanent magnet film which stabilizes an S V mold MR component is formed, 
while preventing property degradation of the SV mold MR component by the affix to a mask, association with an S V mold MR 
component and the permanent magnet film can be stabilized. 

[0122] In addition, although the MR head using SV film which has giant magneto-resistance was mentioned as the example and 
the gestalt of operation mentioned above explained it as a magneto-resistive effect component, this invention is not limited to this, 
and also when manufacturing the MR head using the soft magnetism film which has an anisotropy magneto-resistive effect, and 
the MR head using giant magneto-resistance components other than SV film, it can be applied. 

[0123] Moreover, although the electron beam resist which is a positive resist was mentioned as the example and the gestalt of 
operation mentioned above explained it as a resist which forms the upper mask pattern, this invention is not limited to this, and 
also when using resists other than electron beams resist, such as a photoresist, and negative resist, it can be applied. 
[0124] 

[Effect of the Invention] By the formation approach of the mask pattern of this invention, after applying the 2nd resist on the 1st 
resist, exposing the 2nd resist concerned and forming a predetermined pattern latent image into the 2nd resist, first, the 2nd resist 
is developed, the upper mask pattern is formed, next the 1st resist is developed and the lower layer mask pattern is formed. 
Therefore, by the formation approach of the mask pattern of this invention, between the above-mentioned thin films can form 
easily in the upper mask pattern the resist cross-linking part made into space. 

[0125] Therefore, when etching and the mask pattern formed by the formation approach of the mask pattern concerning this 
invention is used, generating of the weld flash by the reattachment object to a mask can be prevented. 
[0 1 26] Furthermore, by the formation approach of the mask pattern of this invention, since the process of patterning can be 
managed at once even if it forms the resist in two-layer, a location gap of patterning between two-layer resists does not take place, 
and a process can be simplified. 

[0127] Moreover, by the manufacture approach of the thin film magnetic head concerning this invention, since between thin films 
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forms the resist cross-linking part made into space while considering a mask pattern as a two-layer configuration, when forming a 
thin film in a predetermined configuration by etching, generating of the weld flash by the reattachment object to a mask can be 
prevented. 

[0128] Therefore, by the manufacture approach of the thin film magnetic head concerning this invention, configuration 
degradation of the thin film which constitutes the thin film magnetic head concerned can be prevented, and the thin film magnetic 
head which suppressed property degradation resulting from configuration degradation of the thin film concerned can be obtained. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** snows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1| It is the perspective view in which extracting the important section and showing the example of 1 configuration of 
the thin film magnetic head manufactured with the application of this invention. 
[Drawing 2] It is a sectional view in XI -X2 line among drawing 1 . 

[Drawing 31 It is drawing explaining the formation approach of a mask pattern, and is the cross-section perspective view showing 
the condition of having applied the 1st resist on SV film. 

[Drawing 41 It is drawing explaining the formation approach of a mask pattern, and is the cross-section perspective view showing 
the condition of having applied the 2nd resist on the 1st resist. 

[Drawing 51 It is drawing explaining the formation approach of a mask pattern, and is the cross-section perspective view showing 
the condition of having exposed the 2nd resist. 

| Drawing 6] It is drawing explaining the formation approach of a mask pattern, and is the cross-section perspective view showing 
the condition of having developed the 2nd resist. 

[Drawing 71 It is drawing explaining the formation approach of a mask pattern, and is the cross-section perspective view showing 

the condition of having developed the 1st resist. 

(Drawing 81 It is a sectional view in X5-X6 line among drawing 7 . 

[Drawing 9] It is drawing explaining the formation approach of a mask pattern, and is the cross-section perspective view showing 
the condition of having etched S V film exposed from the mask pattern. 
[Drawing 1 0] It is a sectional view in X7-X8 line among drawing 9 . 

[Drawing 1 1 1 It is drawing explaining the formation approach of a mask pattern, and is the cross-section perspective view 
showing the condition of having removed the resist. 

[Drawing 121 It is the cross-section perspective view showing the condition that the back end electrode and the front end 
electrode were formed in the SV mold MR component. 

[Drawing 13] It is the perspective view in which extracting the important section and showing the example of 1 configuration of 
the thin film magnetic head manufactured with the application of this invention. 
[Drawing 141 It is a sectional view in X9-X10 line among drawing 13 . 

[Drawing 151 It is the top view showing an example of S V mold MR head component used for drawing 13 and the thin film 
magnetic head of drawing 14 . 

[Drawing 161 It is drawing explaining the formation approach of a mask pattern; and is the cross-section perspective view 
showing the condition of having applied the 1 st resist on SV film. 

[Drawing 171 It is drawing explaining the formation approach of a mask pattern, and is the cross-section perspective view 
showing the condition of having applied the 2nd resist on the 1 st resist. 

[Drawing 181 It is drawing explaining the formation approach of a mask pattern, and is the cross-section perspective view 
showing the condition of having exposed the 2nd resist. 

[Drawing 191 It is drawing explaining the formation approach of a mask pattern, and is the cross-section perspective view 
showing the condition of having developed the 2nd resist. 

[Drawing 201 It is drawing explaining the formation approach of a mask pattern, and is the cross-section perspective view 

showing the condition of having developed the 1 st resist. 

[Drawing 211 It is a sectional view in XI 1 -XI 2 line among drawing 20 . 

[Drawing 221 It is drawing explaining the formation approach of a mask pattern, and is the cross-section perspective view 
showing the condition of having etched S V film exposed from the mask pattern. 
[Drawing 23 [ It is a sectional view in X 1 3 -X 1 4 line among drawing 22 . 

[Drawing 241 It is drawing explaining the formation approach of a mask pattern, and is the cross-section perspective view 
showing the condition of having formed the permanent magnet film on the whole surface. 
[Drawing 251 It is a sectional view in X15-X16 line among drawing 24 . 

[Drawing 261 It is drawing explaining the formation approach of a mask pattern, and is the cross-section perspective view 
showing the condition of having exfoliated with the permanent magnet film formed on the resist concerned in the resist. 
[Drawing 271 It is a sectional view in X17-X18 line among drawing 26 . 
[Description of Notations] 

1 30 Thin film magnetic head 3 32 MR head section 4 33 Inductive mold magnetic-head section 8 40 SV mold MR component 
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20 60 The 1 st resist 2 1 6 1 The 2nd resist 
[Translation done.] 



